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Vehicle emission control systems have been found to degrade with use resulting in increasing emission
rates with vehicle age. Standard European data for deterioration factors have only been based on a
sample of vehicles with limited high mileage ranges, with only few Euro 3 and Euro 4 vehicles, and on
laboratory tests only. Here we present deterioration rates derived from more than 1100000 records
collected over the past thirteen years from on-road emission remote sensing in Zurich/Switzerland.
Deterioration rates for hot NOx and CO emissions of older gasoline vehicles are much lower than
assumed so far, but signiﬁcantly higher for Euro 3 and Euro 4 cars. There is no evidence of high emitters
but equipment gradually degrades across the ﬂeet. Deterioration rates do not seem to depend on engine
load. Routine idle emission tests have not resulted in measurable emission reductions of the inspected
vehicles. National emission inventories should be updated in the light of this new data.
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction and state-of-knowledge
The effectiveness of vehicle exhaust after-treatment systems
degrades with use, due to mechanical usage, wear of catalyst's
coatings, poisoning of the catalyst and similar factors. Standard
knowledge on the deterioration of emissions from gasoline cars in
Europe was generated in the two major European research pro-
grams MEET and ARTEMIS, cf. (Geivanidis and Samaras, 2004) and
is reﬂected in the respective chapter of the EMEP/EEA Guidebook
for calculating emission inventories (Ntziachristos and Samaras,
2009): Deterioration is represented as a linear increase of the
base emission factor with mileage. The same deterioration rates are
assumed for Euro 1 as for Euro 2 cars, and a second set of deteri-
oration rates for Euro 3 as for Euro 4 cars. It is assumed thatfeld).
Ltd. This is an open access article uemissions do not further degrade beyond 120,000 km for Euro 1
and 2 cars and beyond 160,000 km for Euro 3 and 4 cars; thereafter
unit emissions are assumed constant. Due to lack of data the same
deterioration rates are also assumed for gasoline light commercial
vehicles. These assumptions are also incorporated in Europe's
standard vehicle emission models COPERT and HBEFA
(Ntziachristos and Samaras, 2000; HBEFA 3.1 2010).
Although used all over Europe these assumptions are based on a
relatively limited sample of chassis dynamometer measurements:
Euro 2 and Euro 3 cars have been sampled best, but only 5 and 2
cars had mileages above 700000 km, and none more than
1100000 km (SI, Table 1). Hence, long-term deterioration has
actually not been observed, but was extrapolated from about a
dozen data points for mileages around 600000 km (SI, Figs. 1e4 for
examples of the original data). Data for Euro 1 and Euro 4 gasoline
cars are even more limited, with only 7 and 8 cars measured. For
this reason, Euro 1 and Euro 2 technologies were lumped together
as well as Euro 3 and Euro 4 cars. Despite this limited basis, resultsnder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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speeds (up to 19 km/h) and rural speeds (above 63 km/h). Linear
lines were drawn through the data which however strongly cluster
at lower mileages. No ﬁt coefﬁcients are given but it is evident
already from visual inspection that these lines are bold estimates
(SI, Figs. 1e4).
Hence there is an urgent need to extend the sample for high-
mileage cars and increase the base in general for Euro 1 and Euro
4 technologies. Herewe present deterioration factors that are based
on a sample of about 1130000 records of hot on-road emissions over
thirteen years of consecutive annual measurements. The large
sample allows determining emission deteriorationwith vehicle age
in so far unrivaled statistical accuracy. 60% of all records are from
cars in the age bracket 5e15 years or 1000000 to 2150000 km
respectively (Table 1, data for each age in SI, Table 2); this gives a
large observational basis to derive long-term deterioration rates. In
addition, emissions are measured on the road, and thus include all
driver and driving effects encountered. Again this quality goes
beyond results from chassis dynamometer laboratory results.
Our values are representative for cars certiﬁed to Euro norms 1
to 4. These norms becamemandatory in Europe in years 1992,1996,
2000, 2005 respectively, setting emission limits for homologation
tests, as well as in-use and durability standards. The time series for
Euro 5 light duty vehicles (model years 2009ff.) is not long enough
to allow a meaningful deterioration analysis.
Our results suggest signiﬁcant changes to established data for all
emission control norms and pollutants. We believe this will greatly
improve the accuracy of emission factors used for road vehicles in
Europe. Further, the results show that high emitters must be very
rare (in Zurich) and that simple idle test emission inspections are
not effective in improving emission controls.
2. Driving conditions and data treatment
Herewe present deterioration factors that are based on a sample
of about 1130000 records of gasoline passenger cars' hot on-road
emissions over thirteen years of successive annual measurements
in Switzerland. This includes notably numerous cars with mileages
far higher than 1000000 km. The details of the measurement site
and set-up have been reported elsewhere (e.g. Goetsch, 2013; Chen
and Borken-Kleefeld, 2014). Here we only note that the cars have
traveled about 1.5 km on an uphill road with a gradient of 9.2; thus
we can safely assume that all vehicles are preconditioned hot and
that no cold-start effects interfere with the measurements. To
compare with measurements under ﬂat driving we convert the
gradient into an additional acceleration of approximately 1 m/s2.
The vehicles passing have a mean speed of 46 km/h and a mean
acceleration rate of 1.1 m/s2; the 95th percentile speed and accel-
eration are 58 km/h and 2.8 m/s2, respectively. Thus they indeed
cover a wide range of engine conditions, which are even muchTable 1
Summary statistics of the gasoline car records retained for the analysis' differenti-
ated by Euro norm and age/mileage. Correlation between vehicle average age and
average mileage for gasoline cars according to the Swiss survey 2000 (Bundesamt
für Raumentwicklung, 2002).
Veh. age [yr] Cum. mileage [km] Number of valid records per age
bracket
Euro 1 Euro 2 Euro 3 Euro 4
0.5e4.5 12,700e84,500 794 5300 9987 24,183
4.5e9.5 100,300e157,500 11,438 12,340 9428 10,504
9.5e14.5 167,000e213,600 13,390 7412 1776 658
14.5e19.5 223,000e254,700 5173 304 0 0
19.5e21.5 260,250e265,400 434 0 0 0
All 310229 250356 210191 350345wider than e.g. the legislative chassis dynamometer test cycle (N)
EDC, see SI, Fig. 5.
Vehicle emissions can of course vary with the engine load and
with vehicle characteristics. Our data is however very uniform over
the different age brackets (Fig. 1): The vehicle speciﬁc power (VSP)
is a measure for engine load and useful for comparison between
different measurement conditions (Jimenez-Palacios, 1998). The
mean VSP at the site is about 19±9 kW/t and changes only by
±1 kW/t across the different vehicle ages. We know from previous
measurements that the emission factor at this load is quite con-
stant, as also (Bishop and Stedman, 2008; Carslaw et al., 2013) ﬁnd
across the model years for both, US and European cars. Hence we
conclude that on-road driving conditions across age brackets are
remarkably stable and thus perfectly suited for your time-series
analysis.
The ratio of engine power to vehicle mass is taken as indicator
for the vehicle characteristics. The mean value increases from
71 kW/t to 76 kW/t as more modern cars tend to have a higher
installed power; but within each vehicle technology layer, the
mean varies only by ±2 kW/t; the only notable exception are Euro 4
cars older than 9 years, for which the power-to-mass ratio de-
creases to 67 kW/t. Given these largely stable relations, we can
claim that also vehicle characteristics are similar for each tech-
nology across vehicle ages.
Hence, the changes in emission factors that we measure over
time result neither from changing driving conditions nor changing
vehicle characteristics. It is safe to attribute the change to other
variable, namely vehicle usage, i.e. deterioration.
For this study we analyzed more than 1700000 records
measured annually between years 2000 and 2013 by remote
sensing at Zurich, Gockhauserstrasse. In order to avoid irregular
emission behavior at deceleration, high instantaneous acceleration,
and top speeds we only use emission records for vehicle speeds
between 20 and 58 km/h (5th percentile to 95th percentile), and
accelerations between 0 and 2.8 m/s2. Furthermore, to ensure
statistical validity we require at least 100 records for each mean
value. In addition, means are only used if their 95th conﬁdence
interval is smaller than half the mean value. After these ﬁlters, we
here use about 1130000 records for gasoline cars across Euro 1 to
Euro 4 technologies, with about 200000e300000 records for each
technology.
Variation arises essentially from the emission rate of the indi-
vidual vehicles and from the accuracy of the instrument. The
measurements were performed for ten year (2000e2010) with the
same instrument (an Envirotest RS 3000), then with an Envirotest
RS 4600 in years 2011 and 2012, and ﬁnally with a different
Envirotest RS 4600 in 2013. Routine calibrations were performed
every hour and mean values are within 10% uncertainty between
the instruments. Data have been corrected for instrument drift on
an hourly basis, thanks to R. Gentala from Envirotest. In parallel
with the remote sensing measurements the number plate of each
vehicle is recorded. This allows associating the emission measure-
ment of an individual vehicle with its registration data, notably
with its emission control stage and year of ﬁrst registration. Thus,
the difference between the year of measurement and the year of
ﬁrst registration is used as vehicle age here. Age in turn is translated
into mileage assuming average values from the latest Swiss survey
(Bundesamt für Raumentwicklung, 2002, see SI, Table 2).
The measured concentration increments are converted to
emission factors per unit fuel consumed assuming complete com-
bustion (Bishop, 2011). Measured NO concentrations are converted
to NOx assuming that 7% of NO2 is emitted in primary form. Ac-
cording to the Handbook on Emission Factors this primary NO2-
fraction is independent of the exact driving conditions and constant
across all technologies (HBEFA 3.1 2010).
Fig. 1. Mean VSP (left) and mean ratio of engine power to vehicle mass (right) as a function of cumulative mileage for each vehicle technology for gasoline passenger cars from
remote sensing in Zurich/CH. The error bars indicate one standard deviation of the mean.
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the different vehicles (Joumard et al., 2007), hence the fuel
consumed per distance. Therefore we can assume that the de-
nominator in our emission factor is stable, and hence that all
measured changes are essentially a consequence of changes in the
exhaust after-treatment system. This also means, that deterioration
rates derived in our measurement unit ‘gram per kilogram fuel
consumed’ are equal to deterioration rates in the conventional unit
‘gram per kilometer traveled’, and thus also directly comparable to
deterioration rates in the EMEP/EEA guidance document
(Ntziachristos and Samaras, 2009).
3. Emission deterioration of gasoline passenger cars
Unit emissions of gasoline cars are plotted as a function of
vehicle age or mileage respectively (Fig. 2). The emission factors
increase monotonously with mileage for all Euro norms and pol-
lutants. Only the hydro-carbon (HC) emission rates from Euro 4 cars
decline with mileage (SI, Fig. 6), yet also in a very smooth manner.
The scatter in the data is surprisingly low thus reﬂecting the stable
measurement conditions and high comparability of the time series.
Likewise the 95th conﬁdence interval for each mean value is veryFig. 2. Deterioration of unit emissions of gasoline passenger cars with vehicle mileage for
individual measurements; the whiskers represent the 95th conﬁdence interval for the measmall adding trust to each individual record. Exponential regression
curves provide the best ﬁt (compared to linear or logarithmic
forms); the exact functions and the R2 and p-values are given in the
SI, Table 3. Only the deterioration of HC emissions for Euro 2 and
Euro 4 cars is better matched by a linear function.
We underline that this is data combined from thirteen consec-
utive annual measurements; we have only ﬁltered the data for
driving conditions and clustered by emission control norm and
vehicle age. The clustered data themselves clearly display a strong
correlation of increasing unit emissions with vehicle age or
mileage, respectively.
3.1. Deterioration of NOx unit emissions
NOx unit emissions from gasoline cars deteriorate exponen-
tially with vehicle mileage (Fig. 2a). They double about every 115,
125, 180 and 220 thousand kilometers for Euro 1 to Euro 4 tech-
nologies respectively. The increase in this ‘doubling mileage’ sig-
niﬁes a doubling of the durability at the same time. Nonetheless,
there is no apparent limit to deterioration. Hot emissions have
decreased by about one order of magnitude with progressing
standards and technologies. This means that Euro 4 gasoline carsEuro 1 to Euro 4 technologies. Each dot represents the mean value over at least 100
n.
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their lifetime.
3.2. Deterioration of CO unit emissions
CO unit emissions of gasoline cars deteriorate also exponentially
with vehicle mileage (Fig. 2b). They double about every 160, 230,
280 and 170 thousand kilometers for Euro 1 to Euro 4 technologies
respectively. The ‘doubling mileage’ is thus even longer than for
NOx emissions, and control of hot CO emissions has also been more
durable. Durability of CO control has however only improved up to
Euro 3 technologies. Unit emissions of Euro 4 cars are at the same
level as Euro 3, and deterioration is higher. As they are safely below
emission limits (Chen and Borken-Kleefeld, 2014), it seems that
manufacturers have ceased to devote resources to an even better
CO control. Again, there is no apparent limit to deterioration.
Nonetheless, Euro 3 and Euro 4 gasoline cars have today about half
the (hot) unit emissions over their lifetime compared to their Euro
1 predecessors.
3.3. Deterioration of HC unit emissions
(Hot) HC unit emissions from gasoline cars increase exponen-
tially with vehicle mileage for Euro 1 and linearly for Euro 2 tech-
nologies (SI, Fig. 6). Emissions double after 60 and 40 thousand
kilometers, respectively. Again, there is no apparent limit to dete-
rioration for these old cars. For Euro 3 cars HC unit emissions
remain rather stable up to 150 thousand kilometers, while they
even decline signiﬁcantly for Euro 4 cars. Strangely emissions from
new Euro 1 cars were lower than from new Euro 2 cars, which in
turn were lower than from new Euro 4 cars. Thus, HC control ex-
hibits the most complex picture of all three pollutants analyzed.
Declining HC emissions have also been observed in the ARTEMIS
project (Geivanidis and Samaras, 2004, see SI, Fig. 2) that gave rise
to the standard EEA/EMEP deterioration factors in use until today.
There is anecdotal evidence that the oldest vehicles are actually
those that are either particularly well maintained or have actually a
much lower mileage. Therefore it is possible that the apparent
deterioration for the oldest age group slows down as a consequence
of this sampling bias. But if this phenomenon is present in our data,
it is not the same for all pollutants. On the other hand, certain ve-
hicles like taxis will be driven much more annually than the
average private car. Hence, their apparent deterioration with ageFig. 3. Comparison of regression functions for deterioration of gasoline cars based either on
(dashed lines). The NOx regression line for Euro 2 cars and the CO regression line for Euro 3 ca
the regression over the full load sample is not relevant.would be higher. However, given that the cars were measured at an
extra-urban rural community we can rule out a signiﬁcant inﬂu-
ence of taxis over the thirteen years of observation.
4. Similar deterioration at lower engine loads
The original deterioration factors are differentiated between
driving at lower, urban speeds (<19 km/h) and higher, extra-urban
speeds (>64 km/h) (Ntziachristos and Samaras, 2009). Speed is in
general rather a proxy for engine load. To check hence the hy-
pothesis that deterioration depends on load we have repeated the
same analysis however restricting to records with up to a vehicle
speciﬁc power (VSP) of 10 kW per ton. Less than 200000 records
fall in this load regime, but cover a similar range as the full dataset.
While emission levels are generally somewhat lower, the deteri-
oration rates are surprisingly similar (Fig. 3 for NOx and CO, SI,
Fig. 6b for HC). Differences seem to be for NOx emissions of Euro
2 cars and for CO emissions of Euro 3 cars however the regressions
over the low load sample are statistically not signiﬁcant (cf. SI,
Tables 3 and 4). Thus we can conﬁrm two aspects: First, our
deterioration rates are indeed representative for a wide range of
driving conditions. Second, deterioration rates do not seem to
depend signiﬁcantly on load. In other words, our data do not
conﬁrm the differentiation by speeds or loads respectively in the
original COPERT/EMEP Guidebook. Nonetheless, for anybody
preferring we offer the mean values over age/mileage in the
supporting information (Tables 5e7) together with the detailed
regression functions.
5. Hardly evidence for high emitters
Another hypothesis is that the increase in the mean unit emis-
sion is not due to a gradual deterioration of the exhaust emission
controls of the whole ﬂeet but rather due to an increasing share of
high emitters. High emitters would be vehicles that have consis-
tently emission rates many times higher than “normally” func-
tioning cars. In our sample we have only a few percent vehicles
with repeated measurements. Hence we are not in the position to
assess the general emission level of individual vehicles but we still
can analyse the statistical behavior of the ensemble. For this we
analyse how the lowest half unit emissions develop as a function of
mileage (the 50th percentile), and how the top 25% and 10% (the
75th and 90th percentile) develop. An increase frequency of highfull range of engine loads (solid lines) or based only on the records with VSP <10 kW/t
rs, both for the low load sample, are statistically not signiﬁcant; hence the difference to
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emissions; if however the change rates of unit emissions are similar
for the percentile classes, then deterioration seem to affect the
whole ﬂeet in general.
For NOx emissions the rate of change of the different percentiles
is quite similar (Fig. 4). For instance, from low to high mileage,
emission rates of Euro 1 cars increase by about a factor ﬁve for all
the 50th, the 75th and the 90th percentile emission rates. For Euro
2 cars, the increase across the percentiles is almost a factor three.
Likewise the respective percentile emission rates increase similarly
for Euro 3 and Euro 4 cars. In particular the 90th percentile NOx
emission rate increases for all emission control classes propor-
tionally. This rather indicates that the whole ﬂeet ages propor-
tionally and that there is not a signiﬁcant increase of permanent
high emitters. Likewise, the CO and HC emissions increase at
similar rates for all for Euro classes and the percentiles investigated
(SI, Fig. 7). Where emission rates change for the 90th percentiles,
e.g. very markedly at mileages above 1800000 km, there are similar
increases also for the 75th percentile visible. Given lower statistical
certainty particularly for the 90th percentile value we cannot
expect exactly the same however a similar behavior.
It would indeed be wrong to associate e.g. the 90th percentile
emission rate with individual cars that would always emit about a
factor ten more than median emission level of the sample. On the
contrary it is well known that the (modal) distribution of second-
by-second emission rates of well-maintained cars are highly
skewed, i.e. emissions are low for most seconds, yet one or more
orders of magnitude higher for a few seconds, depending on the
driving cycle (Zhang et al., 1994; Smit and Bluett, 2011). In our on-
road data we exactly also ﬁnd such a skewed distribution of
emission rates e and we ﬁnd that the proportions remain the same
for NOx emissions across the years of use. In other words, there is no
evidence for a higher frequency of high emission events but very
hard evidence for gradual deterioration of the emission control
system across the whole ﬂeet.
6. Negligible inﬂuence of routine inspection & maintenance
scheme
Switzerland used to have a mandatory inspection system,
requiring among others each gasoline cars to have their CO and HC
emissions measured under idle and accelerated idle conditions at
regular intervals (UVEK, 2002). To check on the potential inﬂuenceFig. 4. NOx unit emissions from gasoline cars as a function of vehicle mileage (left charts: E
percentiles. If the change rates of unit emissions are similar across the percentile classes, the
percentile however increase strongly this might indicate an increasing frequency of cars w
emitters.of this emission control we compare the on-road emission rates
from cars which have not been inspected after their ﬁrst registra-
tion with cars that have been inspected at least once, again for
emission control class and each age separately. The dates of ﬁrst
registration and of the last inspection are taken from the registra-
tion data associated with each emission records. If the inspection
would have a positive inﬂuence on the emission control then you
would expect that cars “with inspection” should have lower
emissions than cars of the same age but “without inspection”.
Fig. 5 compares the on-road unit emissions from Euro 3 and
Euro 4 gasoline cars with and without technical inspection. Only
for those cars the sample is large enough for statistical mean-
ingful analysis. Over the ﬁrst 1200000 km there is no discernable
positive inﬂuence of the technical inspection on CO or NOx
emissions. On the contrary Euro 3 and Euro 4 cars without in-
spection appear to have signiﬁcantly lower CO and NOx emis-
sions, respectively, than inspected cars. If the emission level of
cars “without inspection” is representative for the emission rate
of cars right at the time when they enter the inspection center,
and if the emission level of cars “with inspection” is represen-
tative for such cars just after their technical inspection, then we
can conclude that this test does not improve the emission tuning.
As there is neither a signiﬁcant share of vehicles with broken
emission control system, which would stand out as high emitters,
the simple idle test during routine inspections does not result in a
measurable emission reduction. It is possible that in other
countries or under different usage conditions idle emission con-
trols provide measurable beneﬁts, but we do not ﬁnd evidence in
our data. Therefore, it seems without harm to emission control
that Switzerland has discontinued its mandatory inspection
scheme from 2013 onwards for OBD equipped gasoline cars from
Euro 3 onwards (UVEK, 2012).
7. Comparison with previous deterioration factors
Table 2 compares emission deterioration factors derived from
the long-term on-road measurements in Zurich with the factors
suggested by the EMEPeEEA Guidebook (Ntziachristos and
Samaras, 2009) for gasoline cars. The standard values have so far
suggested a linear deterioration up to a certain maximum mileage
beyond which no further deterioration is assumed to happen.
Clearly, this cannot be conﬁrmed by our data where we mostly ﬁnd
an exponential increase of unit emissions without apparent limit.uro 1 and Euro 2; right charts: Euro 3 and Euro 4). Plotted are the 50th, 75th and 90th
n deterioration seems to affect the whole ﬂeet in general. If the emissions from the 90th
ith very deteriorated or non-functioning emission controls, that we might call high
Fig. 5. NOx and CO unit emissions over vehicle age/mileage for gasoline passenger cars Euro 3 and Euro 4, with (‘w’) and without (‘no’) technical inspection.
J. Borken-Kleefeld, Y. Chen / Atmospheric Environment 101 (2015) 58e64 63We compare the deterioration factors relative to the emission factor
for new cars (0 km mileage) at indicative mileages of 500000,
1000000 and 2000000 km, corresponding to about 2e3, 5 and
12e13 years of operation on Swiss average.
The deterioration of CO and NOx emissions of Euro 1 and Euro 2
gasoline cars according to the EMEP/EEA Guidebook is far higher
than our on-road measurements suggest. Already within the ﬁrst
two to three years CO and NOx emission rates are suggested to
double or triple respectively. In the on-road sample the deteriora-
tion is maximum 35% and thus much lower. This means that the
emissions from Euro 1 and Euro 2 cars must have been over-
estimated for a large part of their active life. This means as well that
the beneﬁt for hot emissions from scrappage schemes targeting old
Euro 1 and Euro 2 cars is overestimated by about a factor of 2.Table 2
Illustrative deterioration factors for gasoline passenger cars at 500000, 1000000, 2000000
values mean deterioration rate higher. RS-ZH (Remote sensing measurements in Zurich):
and Euro 4, for which linear change rates are found. EMEP/EEA Guidebook: Calculated for
equal rates as well as Euro 3 and Euro 4 cars. a/b: Deterioration assumed to stop beyondInversely, deterioration of HC controls seems underestimated for
Euro 1 and Euro 2 cars. Due to an exponential deterioration for Euro
1 cars their emission rate at 2000000 km is actually a factor four
higher than assumed so far.
On the other hand, observed deterioration rates of Euro 3 and
Euro 4 cars are somewhat higher for CO and deﬁnitely higher for
NOx emissions than suggested by the EMEPeEEA Guidebook so far.
This means that in particular the contribution from older Euro 3
and Euro 4 cars to NOx emissions is somewhat underestimated,
though absolute emission rates have of course come down signif-
icantly and long-term durability has increased. The observed data
suggest decreasing (hot) HC emissions for Euro 4 passenger car
with mileage. This means that current emission models over-
estimate their contribution though at low levels.km relative to emission factor at 0 km. Values rounded to nearest 5%. Shaded red
Exponential regression curve for all technologies and pollutants except for HC Euro 2
the average speed of 45 km/h at the measurement site. Euro 1 and Euro 2 cars have
1200000 km/1600000 km.
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With new understanding of the long-term deterioration it
seems advisable to re-calculate the impact on the resulting totals
compared to previous calculations. For CO and NOx emissions we
can expect a factor two to three less total contributions from Euro 1
and Euro 2 cars, but about a factor two to three times higher
contribution from Euro 3 and Euro 4 cars particularly to NOx
emissions. Vice versa, the contribution of the oldest Euro 1 and
Euro 2 cars to (hot) HC emissions is about a factor four and two
higher than estimated so far, yet lower from Euro 4 cars. The net
effect of these changes depends on the mileage share of the
different vehicle technologies and age layers in the ﬂeet at any
given point in time. This should be calculated out in a next step.
The deterioration of the emission control systems seems to take
place gradually over the observed lifetime of up to twenty years.
We do not ﬁnd a signiﬁcantly higher frequency or elevated levels of
high emission events, thus ruling out an increased share of vehicles
with dysfunctional emission control equipment.
The durability of emission controls has much improved since
Euro 1 technologies but deterioration is still not negligible. How-
ever, simple idle tests as performed during mandatory inspection
and maintenance checks do not prove to be effective for a better
tuning of the emission control system. Given that vehicles with
broken emission controls seem to be very rare, idle tests might also
not be necessary ﬁnding those cars. Well-managed on-board di-
agnostics (OBD) might be equally performant.Acknowledgments
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